The Research of EMF Zero-crossing Detection Method  by Qi, Zhao et al.
Procedia Engineering 15 (2011) 2474 – 2478
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.465
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia
Engineering
   Procedia Engineering  00 (2011) 000–000
www.elsevier.com/locate/procedia
Advanced in Control Engineering and Information Science 
The Research of EMF Zero-crossing detection Method 
ZHAO QIa,b, SHEN XING-QUANa,b, YU DA-GUOa,b,YUAN BINc  a* 
a. Mechanical Engineering and Automation Institute of North University of China,
b. Deep Hole Research Center of Shan Xi province, Tai Yuan, China 
c Information and Communication Engineering Institute of North University of China 
Abstract 
Brushless DC motor applications are very extensive. This article is about the sensorless 
brushless DC motor using back EMF zero crossing detection of rotor position detection method. 
Proposed two kinds of terminal voltage and phase voltage back EMF zero crossing detection 
method to detect the rotor position, thus completing the motor control. 
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1. Introduction
Brushless DC motor without position sensors by detecting the motor's main flux, current and 
voltage and other physical quantities, and then after treatment indirectly obtain the 
corresponding motor rotor position. Not directly detect the rotor position, so that by detecting 
the flux linkage, current and voltage quantities to get the rotor position of the DC motor is also 
known as sensorless brushless DC motor. EMF zero crossing detection method is more stable 
performance of the motor rotor position detection method in brushless DC motor steady-state 
operation, ignore the premise of the motor armature reaction, by detecting the force off the 
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crossing point to the opposite permanent magnet rotor to obtain a key position signal, which 
can control the winding current switching, to achieve motor operation. 
2. Back-EMF voltage zero crossing detection  
As the motor back EMF is not easy to measure directly, but it can be measured with the 
indirect method of measuring motor terminal voltage zero-crossing of back EMF. Because 
every moment of the inverter is only two-phase conduction, and the other phase in a 
disconnected state, this time the phase windings of the disconnect is the back-EMF voltage. 
Figure 1 is a brushless DC motor stator end equivalent circuit, where L is the phase inductance, 
R is the phase resistance, Ex is the back EMF, Un is the motor stator winding neutral point to 
ground voltage, Ux(x = a, b, c) output for each phase to ground voltage, known as the terminal 
voltage. 
 
Fig.1 Brushless DC motor stator end equivalent circuit 
     (1) 
     (2) 
     (3) 
As a result of conduction is twenty-two way, the same time only two-phase winding 
energized, the remaining non-current flows through the other phase. Suppose that only the A,B 
two-phase winding energized, C phase, no current, or ic = 0; thus equation (3) can be rewritten 
as  
                   (4) 
                   (5) 
Because ic = 0, ia+ib+ic = 0 so can be obtained ia = -ib, A, B two-phase current equal and 
opposite, Ea= -Eb, the equation (1) plus (2) can be the midpoint voltage Un 
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                (6) 
Then put (6) into (5) can be the opposite EMF zero crossing detection C formula 
            (7) 
Similarly can obtain A, B phase back-EMF zero crossing detection formula 
            (8) 
            (9) 
The brushless DC motor using PWM modulation, so the actual detection circuit, the voltage 
required Ua、Ub、Uc partial pressure, after filtering by detection signal Ua0、Ub0、 Uc0，
detection circuit shown in Figure 2, 
 
Fig.2 Detection circuit 
  At this time O point detection circuit connected Us anode. Therefore equation (7), (8) and 
(9) can be transformed into 
 
       (10) 
       (11) 
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    (12) 
3.Phase back-EMF voltage zero crossing detection 
Sense resistor in Figure 2, the neutral point O and the power of the negative off, to get the 
detection circuit shown in Figure 3.According to the symmetry of the circuit theory, uO≈uN, so 
the test signals in Figure 3 Ua0、Ub0、Uc0 in fact reflects the phase voltage Ua、Ub、Uc 
size. As a power phase winding, the winding of the phase voltage equal to the back EMF, so 
the circuit shown in Figure 3, detection, detection of anti-EMF equation is 
 
                      （13）
Fig.3 Detection circuit
When using the circuit shown in Figure 3 the back EMF detection, direct detection of the 
physical quantity is the phase voltage, so no calculation of the motor neutral point. 
  EMF zero crossing detection method is simple, flexible, but the actual position detection 
signal is usually obtained through the RC filter, and its zero would have a phase shift, so that 
position detection is not accurate, in the application must be the appropriate phase correction. 
After the back-EMF zero crossing is detected, and then delay angle of 30 ° is the electric 
brushless DC motor commutation point. Finally, according to a certain order to switch the 
corresponding power switches. 
4. Conclusions 
EMF zero crossing detection method is a convenient and flexible way. It can reduce the 
hardware cost. As an effective way to detect the rotor position，it has a significant impact on 
the development of brushless DC motor control system. 
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